Background-Determining the optimal timing and progression of mobility exercise has the potential to affect functional recovery of critically ill adults. This study compared standard care with care delivered using a mobility protocol. We examined the effects of exercise on vital signs and inflammatory biomarkers and the effects of the nurse-initiated mobility protocol on outcomes.
Introduction
There are multiple reports of safe implementation of rehabilitative activity among intubated and critically ill patients (Bailey et al., 2007; Burtin et al., 2009; Morris et al., 2008; Needham and Korupolu, 2010; Pohlman et al., 2010; Schweickert et al., 2009; Stiller et al., 2004; Thomsen et al., 2008; Zanni et al., 2009 ). However, guidelines are not established and establishing best practices for early, progressive mobility is still in progress. Determining the optimal timing and progression of mobility exercise has the potential to affect functional recovery of critically ill adults who experience prolonged mechanical ventilation (Herridge, 2009 ).
Both inflammation and immobility have been implicated in intensive care unit (ICU)-acquired weakness and subsequent prolonged functional impairment (Griffiths and Hall, 2010) . There is limited information about the mechanisms through which progressive mobility exercises contribute to mitigation or prevention of ICU-acquired weakness (Griffiths and Hall, 2010) . Circulating biomarkers related to both inflammation and ICUacquired weakness include interleukin (IL)-6, a proinflammatory cytokine that influences muscle health, and IL-10, an anti-inflammatory cytokine that down-regulates the inflammatory cascade (Truong et al., 2009; Winkelman, 2007) . Linking mechanisms of inflammation to a therapeutic "dose of mobility exercise" can support clinical decisions about starting and progressing mobility exercise.
The purpose of this study was to compare standard care versus an early mobility protocol in ICU adults. We examined the effects of exercise on vital signs and inflammatory biomarkers. We also quantified the effects of the nurse-initiated mobility exercise protocol according to outcomes. The four specific research questions were:
1. Is exercise associated with adverse changes in vital signs or unsafe events? 2. Is the mode of exercise or duration of exercise associated with change in IL-6 or IL-10?
3.
Are there associations between change in IL-6 or IL-10 and patient outcomes?
4. Is there a difference in patient outcomes for the protocol of mobility therapy compared to standard care?
Methods
This was a prospective, repeated measures study with a control period (standard care), run-in period, and intervention period with protocol care (see Fig. 1 ). This study received approval from the hospital Institutional Review Board and all subjects or their surrogates provided informed consent. The study was registered at www.clinicaltrials.gov (NCT00787098).
Setting and sample
We recruited patients from December 2007 through March 2009 from the medical and surgical ICUs at a large, urban, academic medical centre. Patients in both units are managed by intensivists, with surgical patients receiving co-management by surgeons. Subjects were assessed for enrolment if they experienced more than 48 hours of mechanical ventilation and were anticipated to continue receiving mechanical ventilation for the next 24 hours.
Subjects were excluded from the study if they had neurological, muscular or orthopaedic disorders that precluded the possibility of progressive mobility. Examples of exclusionary conditions included end-stage muscular dystrophy, myasthenia gravis, new quadriplegia, unexplained coma, increased intracranial pressure, unrepaired hip fracture and multiple lower extremity fractures. Patients with hospice care for high risk of death were also excluded, using criteria established by Norton et al. (2007) : ICU admission following a hospital stay of >9 days in the past month; age >80 in the presence of two or more lifethreatening illnesses (e.g., end-stage renal disease, severe heart failure); diagnosis of a metastatic malignancy; status post cardiac arrest with coma; and diagnosis of intracerebral haemorrhage requiring mechanical ventilation.
Patient and related measures
From the medical record, patient data were abstracted for age, gender, height, weight, admitting diagnosis, comorbid conditions (by number) and daily medications. Severity of illness was measured using the Acute Physiology and Chronic Health Evaluation (APACHE) 3 Score (Knaus et al., 1991) , the Charlson Comorbidity Index (Charlson et al., 1987) from admission data and the ratio of partial pressure of arterial oxygen (PaO 2 ) to fraction of inspired oxygen (FiO 2 ) or P/F ratio on the day of exercise. The SpO 2 was substituted for PaO 2 when PaO 2 was not available (Pnadharipande et al., 2009 ).
The type and duration of exercise was recorded daily. Vital signs were obtained immediately preceding and during exercise: highest and lowest heart rate, respiratory rate, systolic blood pressure and SpO 2 . Unsafe events were recorded at the time of occurrence and monitored for potential occurrence in the 15 minutes following exercise. Patients were asked to separately rate fatigue and pain after an exercise session using a scale of 0 (no fatigue or pain) to 10 (worst possible fatigue or pain). Muscle strength was measured manually at discharge from the ICU, using the Medical Research Council Scale (0-5, with 5 being maximal strength) on four muscle groups: shoulder adduction, elbow extension, hip flexion, knee extension with a maximum score of 40 combining right and left extremity values . At the time of discharge from the ICU, function was measured using the Katz Activities of Daily Living scale (Katz et al., 1970) with either patient or proxy interview. At ICU discharge, delirium was measured using the Confusion Assessment Method for ICU (CAM-ICU) (Ely et al., 2001) . Diagnosis of ventilator associated pneumonia (VAP) was determined by research staff using established criteria (Johanson et al., 1972) , including bronchial lavage results when documented (Mayhall, 2001) . Occurrence of venous thromboembolism (VTE) was extracted from daily progress notes and reports of related diagnostic tests (e.g., duplex sonography of lower extremities, computerised tomography of the chest and ventilationperfusion scan). Outcomes of duration of mechanical ventilation, length of ICU stay and discharge location (including mortality) were abstracted from records within 24 hours of ICU discharge. Field notes were used to record changes in practice such as new equipment use, changes in nutrition delivery or changes in sedation. Research assistants (RAs) were not blinded to participant assignment to control or protocol care.
Data collectors were trained in medical record data abstraction, use of data collection forms, and the protocol before the study started. Data collectors were evaluated and achieved an inter-rater reliability of more than 95% at baseline and every six months for chart abstraction. Fidelity of treatment was reviewed quarterly by the principal investigator with direct observation.
Procedure
There were three phases of the study. During the control phase, standard care was observed and recorded for 20 subjects. During the run-in phase, five new subjects were enrolled, the intervention was refined for feasibility within the specific environment, and RAs were trained in the refined protocol. During the intervention period, a consistent research protocol was implemented for 55 new subjects and outcomes were measured. Identification and recruitment of patients were the same during each period. On the first day of eligibility, the patient was evaluated for physiologic stability before beginning the consent process. Physiologic stability was defined using the following parameters: P/F ratio > 100, FiO 2 < 60% and positive end-expiratory pressure (PEEP) < 10 cm H 2 O, heart rate 50-125, mean arterial pressure (MAP) 60-100 mm Hg (SpO 2 > 88%, and no active upward titration of vasoactive (e.g. dopamine, dobutamine, neosynepherine, epinephrine) or sedative (e.g., midazolam, propofol)) intravenous drugs in the previous four hours. If a patient was unstable on the first eligible day of enrolment, we followed his/her status daily until stability was achieved. When instability persisted beyond 14 days, we did not pursue consent, reasoning that "early" progressive mobility was not feasible. Following consent, demographic and resting data were collected. Patients were monitored for a 30-60 minute period of rest, and then either monitored during a period of exercise planned by the bedside nurse (control) or engaged in 20 minutes exercise by a RA using a protocol developed by Peter Morris (personal communication January, 2007 ; subsequently published; see Morris et al., 2008) . Participants were followed until discharge from the ICU. While resting data could be collected pre-or post-exercise, it would always occur after a period of observed rest. As cytokines and vital signs (VS) typically return to baseline well within the minimal observed time of 30 minutes at rest Vollman, 2012) , one would not expect differing results from resting values as long as the values reflect a period of no exercise or other inflammatory intervention.
In the standard care (control) phase, research assistants observed an exercise period initiated by the bedside nurse. If no exercise was planned, then data were collected around a period of turning or repositioning. During the period of standard care, a common approach to mobility exercise was not in place in either unit, nor did participants routinely receive exercise from a physical therapist. In the run-in phase of the study, RAs trained to implement the protocol in a standard manner. Data from the five participants enrolled during the run-in period were not included in analysis as these participants received neither standard nor protocolised care.
During the intervention period, 55 subjects received 20 minutes of exercise once daily for 2-7 days. Research assistants initiated all in-bed exercise and either assisted with or initiated out-of-bed exercise based on the protocol's criteria (Morris et al., 2008) : ability to follow three out of five directions, lift both arms off the bed and/or lift each leg off the bed.
Throughout all exercise sessions, vital signs were continuously monitored. Biomarkers were collected from serum samples for three consecutive days after enrolment and again at day 7 after enrolment. Serum was analysed in the Clinical Research Unit using a Meso Scale Discovery technology, with established reliability and validity, custom-designed to simultaneously test both interleukins with an antibody luminescence signal (Mesoscale, 2012) . Controls were included with each plate confirming detection limits and all patient samples were run in duplicate.
Statistical analysis
Data related to the sample are presented with descriptive statistics. The first three research questions were tested using a mixed model, repeated-measures multivariate analysis of variance. Chi square tests were used to examine differences in categorical outcomes (e.g., presence/absence of delirium and ventilator-associated pneumonia). Continuous variables were examined with t-tests (i.e., continuous variables of duration of mechanical ventilation and length of stay in the ICU), and analysis of variance (ANOVA) was used to evaluate differences in muscle strength between groups (SAS Analytics Pro; SAS, 2012).
Findings Sample
A total of 75 patients form the sample ( Fig. 2) and their characteristics are summarised in Table 1 . There were significantly more women and a significantly higher ICU admission acuity (APACHE 3 score) among patients enrolled during the intervention period. However, the P/F ratios for participants on enrolment day were similar in the control and intervention periods (225 versus 220, respectively). About 20% of enrollees in both control and intervention periods received continuous sedation during their participation in the study. Daily awakening/sedation holidays were not common practice during the data collection period (2009) although nonsedated participants did receive a spontaneous breathing trial daily per MICU and SICU practice. No changes in practice during the course of the study occurred in managing continuous sedation, VTE prophylaxis or weaning trials during the period of enrolment. However, about 30% of ICU beds were replaced during the study period. The new bed frames were closer to the floor, allowing greater ease in bringing patients to the standing position.
Mobility exercises
For the 20 patients who received standard care, there were 46 potential episodes of once daily exercise over the three days subsequent to enrolment and 40 episodes were completed (i.e., 13% potential exercise sessions did not occur). In comparison, for the 55 patients who received the experimental intervention for three days after enrolment, there were 152 opportunities for daily exercise, and 143 of these exercises were completed (i.e., 6% potential exercise sessions did not occur).
There were contrasting reasons regarding why "no exercise" occurred on a given day for each of the two groups. For the patients receiving standard care, the most common reason for no exercise was "no activity planned" as reported by the bedside nurse. For patients who received the experimental intervention, the most common reason for not implementing daily exercise was "change in status or procedure" (e.g., newly unstable vital signs, new/upward titration of vasopressor, tracheostomy procedure; n = 5). A second reason was patient request/decline of intervention (n = 4).
Patients in the experimental group received their first exercise intervention on the day of enrolment. The most common reason for waiting for enrolment/exercise until day 6 was physiologic instability. In a few participants, the time needed to acquire informed consent (e.g., waiting until evening family visits or allowing family members time to think about the decision to enrol) necessitated starting the first exercise 12-24 hours after the patient met inclusion criteria. Patients in the control group received their first activity on average at day 9 after ICU admission; the most common reason voiced by staff nurses for starting activity was "the patient is ready now" citing vital stability over 24-48 hours as the trigger for readiness.
The most common mode of exercise in both groups was in-bed active and passive range of motion. Overall, 16/75 (21%) subjects experienced out-of-bed exercise within 3 days of enrolment, with a higher percentage of the experimental intervention group versus the control group experiencing chair-sitting or standing during the intervention period (25% or 14 enrollees in the intervention group versus 10% or two enrollees in the control group). Table 2 summarises activities during days 1-3 after enrolment. While patients were followed weekly after enrolment, the number of participants receiving the experimental intervention on days 4-7 dropped 80% due to discharge from ICU, limiting additional comparisons across those latter days.
Vital signs
The average differences between resting values and the highest values of heart rate (HR), respiratpry rate (RR) and sutolic blood pressure (SBP) and the lowest values of peripheral saturation (SpO 2 ) during exercise are summarised in Table 3 . Two patients were on low dose norepinephrine without titration during exercise in the intervention group and no clinically important changes in vital signs occurred despite vasopressor support.
Adverse events
One adverse event occurred in the control group; specifically, the inadvertent removal of an arterial line. For the intervention group, when changes in vital signs occurred that caused concern (i.e., 20% change in VS), exercise was slowed or stopped. Concerning changes in vital signs occurred six times as an increased respiratory rate >35 breaths per minute and reduced SpO 2 to 90% during exercise. These concerning changes all occurred while preparing the patient for a standing transfer to the chair for the first time; stopping the exercise resulted in a return to resting values within 3-5 minutes.
Post-exercise, there were no significant increases in pain or fatigue reported by the patients who were able to use a numeric scale to indicate these symptoms as shown in Table 4 . There were no periods of hypotension or hypertension requiring cessation of exercise. There were no occurrences of new dysrhythmias concurrent with or immediately following exercise. There were no falls or near-falls during exercise at any time. Table 5 provides the values of IL-6 and IL-10 at rest and after exercise on days 1, 2, 3 and 7 after enrolment. The mean change was calculated for each patient, and then averaged. The mean change values (i.e. repeated values of exercise value minus resting values for days 1, 2, 3 and 7 after enrolment) were used in analyses for the research questions. Biomarkers had similar values during usual care compared to protocolised care (F = 1.98, p = .15). Each sample was run in duplicate to verify results; duplicates varied <.1 ng/mL.
Inflammatory biomarkers

Outcomes
Outcomes are summarised in Table 6 for delirium, VAP, VTE, PU number of days of mechanical ventilation, length of ICU stay and discharge location after ICU. Measures of muscle strength and function are also summarised. Of the 75 enrolled subjects, 5 patients (7%) died while in the ICU; these participants were in the intervention group. All deaths occurred many hours (e.g., >14 hours) after exercise; review by the study monitoring committee members deemed deaths were not associated with the intervention.
Associations between vital signs and exercise
There were no significant differences in the changes for HR, RR, SBP or SpO 2 between periods of rest or exercise (ANOVA, values not shown, p > .10). During exercise, there were no clinically important changes in vital signs, with the exception of 6 occurrences which concerned alterations in respiratory-related values that led to slowing/ceasing exercise (see adverse events, above). On average, HR increased 6-7 beats/minute, RR increased 5-6 breaths/minute, SBP increased 13-16 mm Hg and SpO 2 typically decreased 2 (e.g., 96-94%).
Associations between biomarkers and exercise
There were no significant associations between patient characteristics (age, gender, race, body mass index [BMI] , APACHE 3 score and number of comorbidities) and IL-6. There was a single, positive relationship between resting IL-10 and the patient characteristic of age (F = 2.17, p = .03). Changes in IL-6 and IL-10 were used to examine associations with mode (in-bed versus out-of-bed) and duration (time in minutes) of exercise. Using a mixed model of repeated measures of multivariate analysis of variance, there were no significant associations between change in IL-6 and either mode (p = .7) or duration of exercise (p = .9) after controlling for resting IL-6, age, group (control versus intervention), gender, race, BMI, APACHE 3 score and total number of comorbidities.
Using the same controlling factors for the IL-10 model, there was a statistically significant association between change in IL-10 and duration of exercise: the greater the duration of exercise, the lower the IL-10 in participants both during control and intervention periods (F = 7.03, p = .01). Mode of exercise was not associated with changes in IL-10 (p = .8).
Associations between biomarkers and outcomes
Using a third mixed model analysis, there was no association between the change in IL-6 and outcome measures of delirium, VAP, VTE, acquired PU, duration of mechanical ventilation and ICU length of stay (LOS) (p = .16 to .7) after controlling for resting IL-6, age, group, gender, race, BMI, APACHE 3 score and number of comorbidities (Table 7) . Change in IL-6 was marginally associated with discharge location (F = 4.43, p = .07).
Change in IL-6 was associated with self-reported fatigue (F = 6.78, p = .02) but not pain (F = 0.01, p = .9).
In separate mixed model analysis, the change in IL-10 was not associated with outcomes of delirium, VAP, VTE, acquired PU, duration of mechanical ventilation and ICU LOS (p = . 16 to .8) after controlling for resting IL-10, age, group (control versus intervention), gender, race, body mass index, APACHE 3 score and number of comorbidities. There were no significant associations between fatigue or pain and resting IL-10 (p = 1).
Associations between control and intervention periods of exercise and outcomes
Outcome variables are summarised in Table 6 . Significant differences occurred in the ICU length of stay. Participants enrolled in the intervention period experienced 5 fewer days of ICU hospitalisation despite higher acuity on admission to the ICU compared to the control group. The duration of mechanical ventilation was not different between groups (p = .07). Differences in discharge location did not demonstrate statistical significance (p = .07). There were few occurrences of delirium, VAP, VTE and pressure ulcers and no differences between patients enrolled during the control and intervention periods for these four outcomes (p > .13).
Discussion
This study extends the literature regarding early, progressive mobility for intubated patients in the ICU with three major findings. First, it confirms that exercise in relatively stable, intubated adults in the ICU is safe. Second, it illustrates that exercise does not appear to contribute to a pro-inflammatory milieu in serum. Instead, 20 minutes of low level exercise was associated with increase IL-10, an anti-inflammatory biomarker. Third, the use of a protocol promoted early and progressive exercise was associated with decreased length of stay.
In this study, once-daily exercise was not statistically associated with adverse changes in vital signs or unsafe events. These findings are consistent with research reports on similar populations (Bailey et al., 2007; Morris et al., 2008; Needham and Korupolu, 2010; Pohlman et al., 2010; Schweickert et al., 2009; Thomsen et al., 2008) . As in our study, clinically important detrimental changes in respiratory status have been reported during <10% of exercise episodes (Stiller et al., 2004; Pohlman et al., 2010) . No study has reported prolonged adverse sequelae from respiratory changes. A strategy to reduce respiratoryrelated derangements during exercise suggested by one research group is to increase FiO 2 by .2 for intubated patients before initiating exercise (Bailey et al., 2007; Thomsen et al., 2008 ). While we did not increase FiO 2 in our protocol, this seems a practical approach to use in patients with low respiratory reserve.
In the current study, participants demonstrated abnormally increased resting values for both pro-and anti-inflammatory biomarkers compared to values of healthy individuals. The high values and great variation appear congruent with inflammatory dysregulation common to ICU patients (Chien et al., 2006) . In this study, the duration of exercise was associated with a statistically significant increase in the anti-inflammatory biomarker IL-10 and no increase in IL-6. It may be that exercise increased muscle-derived IL-6 not detected in serum samples, stimulating increased IL-10; IL-6 is associated with stimulation of IL-10 synthesis.
Rehabilitation in other ICU populations has been associated with improved patient outcomes of muscle strength and overall function (Burtin et al., 2009; Morris et al., 2011) . It may be that exercise reduces the inflammatory milieu in ICU patients, mitigating muscle dysfunction. Further studies are needed to evaluate IL-6 and IL-10 effects on muscle strength and function during acute and chronic critical illness.
Unlike previous reports in the literature, the current results showed that high levels of serum IL-6 were not associated with mortality (Dimopoulou et al., 2008; Jastrow et al., 2009; Lee et al., 2010) . This finding is likely due to the few number of deaths in this study (i.e., <7%; insufficient power to detect differences). Low mortality is attributed to selection criteria of physiologic stability for enrolment. Alternatively, it may be that serum IL-6 is a less specific predictor than expression of IL-6 in activated white blood cells. The most likely explanation for greater mortality of participants enrolled during the intervention period is their greater illness severity (Table 2) .
While neither inflammatory cascade molecule was associated with muscle strength at discharge from ICU, 21% of participants were unable to participate in manual muscle testing (see Table 6 ), due to cognitive impairment. The inability to measure muscle strength in a significant proportion of the sample limits the ability to draw conclusions from these results. Testing muscle strength is a challenge reported by other investigation ICU-acquired weakness (Griffiths and Hall, 2010) . Further, pre-hospital muscle strength was unknown in this sample. Both inflammation and immobility have been identified as independent contributors to muscle weakness (Chambers et al., 2009; Truong et al., 2009 ). Proinflammatory biomarkers have been linked to both impaired muscle contractility and muscle atrophy (Brandt and Pedersen, 2010; Pedersen, 2011) . Longitudinal methodology and multimodal measures of muscle strength may be able to better evaluate linkages between inflammatory biomarkers and muscle function.
In this study, the use of a protocol promoted early and progressive exercise compared to standard care. Improved progression to out-of-bed activity has been reported when a dedicated staff initiates exercise in intubated adults (Kasotakis et al., 2011; Morris and Herridge, 2007; Needham and Korupolu, 2010; Pohlman et al., 2010) . The protocol used herein was clinically useful as evidenced by a number of results from the intervention group: reduced number of missed opportunities for exercise; increased duration of exercise; and more episodes of out-of-bed exercise. The first exercise session occurred on day 6 for the intervention group versus day 9 for the control group, despite greater admission acuity among intervention participants (see Table 2 ). Other reports of progressive mobility for intubated adults reported first out of bed activity on days 7-10 after ICU admission (Bailey et al., 2007; Pohlman et al., 2010; Thomsen et al., 2008) .
Patients enrolled in the mobility protocol had significantly fewer ICU days. There were few complications typically associated with prolonged bed rest such as VTE or PU, but these findings may be attributed to VTE and pressure ulcer prevention protocols that were wellestablished in the setting.
Fewer participants exhibited delirium at discharge from the ICU than anticipated from recent reports (Vasilevskis et al., 2010a,b) . There were no differences in the number of patients with delirium in each group. Very few participants in either group received continuous sedation at the time of enrolment in this study. While not all patients were able to be tested for delirium due to inability to assess (i.e., a Richmond Agitation Sedation Scale [RASS] score of −3 or −4), the finding of low incidence of delirium indirectly suggests that mobility exercises or the combination of exercise and limited sedation may contribute to reduced delirium. Alternatively, any exercise (standard or protocolised) provides an opportunity for patients to have verbal interaction with a staff member, and it may be that the psychosocial aspects of mobility (e.g., following directions or hearing conversational cues about sensation and movement) are beneficial to preserving cognitive function during prolonged critical illness and recovery.
Our inclusion criteria for physiological stability may be overly cautious. Based on one report, using a broader definition of physiological stability to implement the protocol within 48 hours of admission may result in further improvements in outcomes (Fan, 2010) . Assessing patient readiness and response to mobility exercise is challenging. Progression of exercise requires that critically ill patients are alert and able to engage in activities (Kasotakis et al., 2011) . Our protocol provided a focused exam to determine patient readiness and the mode of exercise (in-bed or out-of-bed); physiological parameters were monitored to maintain a relatively stable status. The protocol was consistently applied (fidelity maintained at >90%) and this indicates a potential clinical utility in that it was able to be used consistently with minimal training and no re-training required.
Providing mobility exercise is time-consuming and labour intensive (Winkelman et al., 2005) . Turning and mobility are reported as one of the most commonly missed nursing interventions (Kalisch, 2006; Winkelman et al., 2005) . Teamwork can reduce missed nursing care (Kalisch and Lee, 2010) . Several mobility protocols recommend a 3-5 member team to implement exercise, including a registered nurse (RN), a respiratory therapist, a physical therapist, an occupational therapist and aide or nonprofessional assistant (Morris et al., 2008; Needham and Korupolu, 2010; Perme and Chandrashekar, 2009; Schweickert et al., 2009 ). In this current nurse-initiated protocol, all "teams" were ad hoc, with membership including the RN research assistant and available unit personnel, typically a RN and nursing assistant. It may be that the use of a RA (i.e., ICU RNs not employed in the setting) to initiate progressive mobility had unintended consequences, such as allowing patients or staff to decline participation. Several other studies report the value of a physical therapist to initiate and progress exercise. One setting uses a mobility team dedicated to assessing and implementing exercise. Nonetheless, in this protocol, both amount and duration of mobility exercise increased, despite limited resources.
Others have written about the influence of ICU culture on initiating and progressing exercise for intubated adults (Hopkins et al., 2007) . The protocol was initiated by a RA, not a regular staff member of the ICUs. Use of a "clinical outsider" may not be an ideal strategy to facilitate early, progressive mobility (Hopkins and Spuhler, 2009; Perme and Chandrashekar, 2009; Vasilevskis et al., 2010a,b) . Research staff anecdotally reported feeling welcomed in the ICUs. For example, ICU staff identified potential patients for enrolment and actively contributed to exercise regimens. While the impact of the initiating personnel is not clear regarding the influence on the success of mobility therapy, there is increasing evidence that the use of protocols for mobility (Hildreth et al., 2010; Kasotakis et al., 2011) improves quality indicators in a variety of institutions.
One serendipitous finding was the high level of acceptance by patients and their surrogates in this study. The consent rate was high (74%) and consistent through 14 months of data collection. Because this was a research project, patients could decline participation as well as individual sessions of exercise. While a few participants declined one exercise session, most patients were eager to engage in exercise at each opportunity. Some surrogates served as cheerleaders during a session and asked for instructions about exercise strategies to use after ICU discharge.
Limitations
This was a single site study. However, both surgical and medical patients were included and the heterogeneity of the sample is similar to generic ICU populations in the United States. While the numbers of participants in the control or experimental arms of the study varied (20 versus 55), the statistical methods used for analysis are robust to unequal group comparisons. There may have been ascertainment bias in identifying VTE as this complication may be undiagnosed but present in asymptomatic patients. At the time of the study, delirium was not assessed daily as part of ICU practice, so we are unable to comment on the progression or resolution of delirium as a result of daily exercise. This study provided an interrupted series of exercise (no exercise on Saturdays and Sundays) and we did not record additional exercise that may have occurred in addition to direct observations. The scope of the study did not include collection of data about readmission and post-ICU outcomes; inclusion of these variables in future work would add important information to the utility of early progressive mobility.
Conclusion
The use of a mobility protocol promoted both earlier initiation and increased progression of exercise, avoiding clinician inertia and long periods of uninterrupted bed rest in intubated adults. Less than 5% of exercise periods were associated with a concerning increase in respiratory rate or peripheral oxygen desaturation. This report suggests a relatively limited intervention of one 20-minute episode of exercise daily for two or more days initiated by a nurse can demonstrate a significant reduction in ICU LOS. Duration of exercise was linked to an increase in IL-10, suggesting that brief episodes of low-intensity exercise positively altered inflammatory dysregulation in this sample. These results should encourage additional study of exercise therapies for the care of patients experiencing prolonged mechanical ventilation in the ICU.
Implications for clinical practice
• The use of a mobility protocol promoted both earlier initiation and increased progression of exercise, avoiding clinician inertia and long periods of uninterrupted bed rest in intubated adults.
• Less than 5% of exercise periods were associated with a concerning increase in respiratory rate or peripheral oxygen desaturation further adding to the evidence that mobility in intubated and critically ill adults is safe.
• This report suggests a relatively limited intervention of one 20-minute episode of exercise daily for two or more days initiated by a nurse can demonstrate a significant reduction in ICU length of stay.
• A 20-minute daily period of exercise was linked to an increase in IL-10, an antiinflammatory cytokine, suggesting that implementing a mobility protocol can improve inflammatory dysregulation in patients with prolonged critical illness. Experimental design and timeline. There were three study phases: (1) a control phase in which control subjects were enrolled; (2) a run-in phase to introduce the protocol to staff members and refine the protocol and (3) a protocol implementation period in which study participants were enrolled. Outcomes were measured during each phase, although the subjects enrolled during the run-in period were not included in analysis as the number of subjects is small and they received a combined control and protocol-directed delivery of exercise. Screened and enrolled participant flow diagram. Abbreviations: SD = standard deviation; P/F ratio = the partial pressure of arterial oxygen (PaO 2 )/the fraction of inspired oxygen (FiO 2 ); APACHE 3 = acute physiology and chronic health evaluation, version 3; MICU = medical intensive care unit; SICU = surgical intensive care unit. * Significant differences between groups, p < .05.
Intensive Crit Care Nurs. Author manuscript; available in PMC 2013 September 25. Changes in pain and fatigue; comparing pre-exercise and post-exercise self-reports in patients who were able to self-report using a scale of 0-10 (zero = none; 10 = worst/greatest possible). Post-exercise fatigue 5.4 4.6 5.7
Pre-exercise pain 3.3 2.4 2.9
Post exercise pain 2.8 2.0 2.9
No significant differences between pre-and post-scores in either pain or fatigue on days 1-3 in those who were able to report.
Intensive Crit Care Nurs. Author manuscript; available in PMC 2013 September 25.
Table 6
Comparing outcomes between study periods. Intensive Crit Care Nurs. Author manuscript; available in PMC 2013 September 25.
Control
Table 7
Results from examining associations between biomarkers, exercise and outcomes. Note: Too few instances of delirium, venousthromboembolism, ventilator-associated pneumonia and new pressure ulcer formation for analysis.
Abbreviations: IL = interleukin.
* Significant interaction at p < .05
